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Fifteen patients with internal derangement of the temporomandibular joint (TMJ) were examined clinically, 
radiographically, and electromyographically. Electromyographic recordings were also obtained from 11 subjects 
without signs or symptoms associated with their TMJs or masticatory musculature. All the patients with intemal 
derangement demohstrated interferences on the ipsilateral side. This was interpreted as the result of disc 
displacement producing a reduced joint space and, consequently, a decreased vertical dimension on the 
symptomatic side. Slow opening and closing mandibular movements without clenching could be performed 
by healthy persons without noticeable EMG activity in the temporalis and masseter muscles. In association with 
disc displacement, electromyographic activity of the temporalis and masseter muscles occurred when the 
condyle slid over the posterior band of the disc and could be interpreted as an arthrokinetic reflex caused by 
distraction. Continuous muscle activity could be provoked by TMJ disc displacement and ceased when the 
disc position was normalized on mouth opening, only to occur again every time the disc became displaced on 
mouth closure. Anterior disc displacement without reduction (closed lock) could cause spastic activity in the 
temporalis muscle on the affected side. Spastic activity of the masseter and temporalis muscles occurring on the 
same side as a joint with anterior disc displacement hinders or inhibits the condylar movement necessary to 
achieve reduction. (AM J ORTHOC 88: 453-460, 1985.) 
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D i s c  displacement of the temporomandib- 
ular joint (TMJ) has been considered a fundamental 
pathophysiologic abnormality of the joint.l-4 
Anterior disc displacement can be subdivided into: 
1. Displacement with reduction--Repositioning of the 
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disc to a normal disc-condyle relationship during 
opening mandibular movements 
2. Displacement without reduction--No repositioning 
of the disc to a normal disc-condyle relationship 
during mandibular movements with the disc re- 
maining displaced. The disc thereby obstructs nor- 
mal condylar translation, which results in decreased 
mandibular movements. 
A clinical sign of anterior disc displacement with 
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reduction is reciprocal clicking---clicking that oc- 
curs at an early, intermediate, or late phase during 
opening and preceded by a click during the final 
stage of closure. 5-7 Disc displacement without reduc- 
tion is clinically characterized by a history of clicking 
followed by a limitation of opening ability without 
clicking. ,-4.8 
It has been clinically observed that patients with 
disc displacements demonstrate various symptoms from 
the TMJ and masticatory muscles. 4 Nanthaviroj and 
associates 9 performed an electromyographic (EMG) 
study on patients with TMJ clicking and suggested that 
clicking/locking may cause an incoordination of the 
EMG pattern of the masticatory muscles. Widmalm and 
Hedeg~d ]°'~j studied the jaw jerk stretch reflex and 
found that a reflex response, sinfilar to the mono- 
synaptic compound action potential evoked by a chin 
tap, sometimes occurred in jaw elevator mUscles during 
TMJ clicking. This reflex response was designated tem- 
poromandibular monosynaptic compound action poten- 
tial (TMSP). ~2 
The aim of this study was to provide more infor- 
mation about the relationship between mandibular and 
disc movements and activity in the masseter and tem- 
poralis muscles in patients with TMJ disc displacements 
(also known as internal derangements). 
MATERIAL 
A consecutive sample comprised fifteen patients 
(seven males and eight females) with diagnoses of an- 
terior disc displacement with reduction (clicking). The 
age range was 23 to 57 years with a mean of 34 years. 
A control group consisting of eleven persons, five 
males and six females with an age range of 17 to 57 
years and a mean age of 33 years, was chosen. These 
persons demonstrated no signs or symptoms from their 
TMJs or masticatory muscles. 
METHODS 
Clinical history and examination 
A clinical history was obtained that included du- 
ration of clicking symptoms, trauma to the mandible 
associated with the onset of clicking, pain during man- 
dibular movement, hesitation/transient locking during 
opening and/or closing, bruxism, frequency and sever- 
ity of headaches, previous orthodontic treatment, and 
symptoms in other joints. 
A clinical examination was performed by two of 
the authors (A.I. and R.I.) that documented early, in- 
termediate, or late reciprocal clicking, range of jaw 
movements, TMJ and muscle tenderness, type of oc- 
clusion, and occlusal interferences. Eleven of the pa- 
tients were reexamined after 10 months; of these, eight 
were examined again 5 years later. 
Radiography 
The patients were radiographically examined to doc- 
ument hard-tissue changes within their TMJs. The ex- 
amination included submento-vertical (axial) projec- 
tion, transcranial projection at closed mouth position 
and maximal opening, serial lateral tomography at 
closed mouth position, and frontal projection. In one 
subject double-contrast arthrography according to Wes- 
tesson ~3 was performed after the second examination to 
obtain information about disc configuration and soft- 
tissue changes within the .joint. 
Simultaneous registration of mandibular 
movements and clicking 
The condylar path, movement of the mandibular 
midline, and clicking were simultaneously registered 
according to Isberg-Holm and lvarsson ~4 and Isberg- 
Holm. ~5 The patient was placed in a cephalostat; con- 
dylar movements were registered cineradiographically 
in a lateral transcranial projection with an inclination 
of the x-ray beam of 20 ° to the horizontal plane. The 
cineradiographic registration was stored on videotape. 
The most superior point of the condylar outline, iden- 
tified with the condyle in the fossa, was marked on the 
cineframe tracings. The condylar paths were obtained 
by connecting these markings. 
Movement of the mandibular midline was simul- 
taneously registered by two TV cameras that depicted 
an indicator fixed between the lower incisors and traced 
its movement relative to a vertical reference line in 
frontal and lateral views. The signals from the two TV 
cameras were recorded on videotape. Clicking was si- 
multaneously recorded by a contact microphone.* This 
signal was graphically displayed on an oscilloscopeS 
that was filmed by a TV camera and stored on video- 
tape. By displaying the videotape recordings on split- 
viewing screens, simultaneous documentation of con- 
dylar movement, clicking, and mandibular movements 
could be obtained. 
Simultaneous registration of electrical muscle 
activity and clicking 
Bipolar silver disc-electrodes were used for bilateral 
recordings of electrical activity in the anterior tempo- 
rails and masseter areas. Most of the recorded activity 
can be presumed to originate from the temporalis and 
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masseter muscles and will be referred to as such, even 
if the possibility that some of the observed activity was 
coming from the superficial subcutaneous muscles (for 
example, epicranieus) and/or deeper muscles (such as 
pterygoids) can not be excluded. The signals were con- 
ventionally amplified* by means of a lower frequency 
cutoff (LF) at 16 Hz and a higher frequency cutoff (HF) 
at 3200 Hz. Clicking was detected by a piezo-electric 
microphone attached to the patient's forehead (LF 16 
Hz, HF 800 Hz). 
Recordings of joint sounds and muscle activity were 
made during a minimum of 10 consecutive slow open- 
ing and closing movements. The opening and closing 
phases were separated in the recordings by an artifact 
signal superimposed on the microphone channel at max- 
imum jaw opening. 
After the initial registration, all interferences in the 
intercuspal and retruded positions were removed. The 
patients were then given a thin, equilibrated acrylic 
splint to use at night. After delivery the splint was 
regularly checked and adjusted. Mandibular movement, 
clicking, and EMG registrations were repeated after 10 
months in 11 of the 15 patients. (Four patients were 
unavailable for various reasons.) 
EMG and sound recordings were also performed on 
the subjects in the control group. 
RESULTS 
Clinical history 
The duration of clicking ranged between 1/2 and 29 
years with a median and mean of 4 years. Clicking 
appeared immediately after severe trauma to the man- 
dible in one third of the subjects (car accident--l, 
boxing knockout--l ,  fall on the cheek--l ,  blow to the 
mandible--2). In two of these patients, this resulted in 
opening locking (condylar dislocation). The luxated 
condyles had been repositioned into the fossae during 
general anesthesia. Four patients experienced transient 
locking during opening. One of them suffered from 
anterior disc displacement without reduction involving 
the contralateral TMJ. One patient with reciprocal 
clicking developed anterior disc displacement without 
reduction during the investigation period. Clicking 
disappeared and mouth opening became limited. The 
condition was remedied after 2 weeks by manipulation 
of the disc into a correct position, momentarily nor- 
malizing the range of opening ability and lateral man- 
dibular movements. Disc displacement with reduction 
occurred again. 
Pain during mandibular movement was present in 
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10 patients. Frequent headaches (daily or at least once 
a week) were reported in five patients, all showing late 
clicking. Four of these experienced additional hesita- 
tion/locking during opening. 
Three patients had previously received orthodontic 
treatment. Two thirds (10) of the patients bruxed. One 
patient suffered from pain of nondiagnosed character 
involving other joints. 
Clinical examination 
Clicking occurred early during the opening phase 
in two patients, was intermediate in one patient, and 
late in twelve patients. Maximum opening was within 
normal limits in all cases except in those patients with 
anterior disc displacement without reduction or during 
occasional transient locking. 
Muscle tenderness was registered at palpation in the 
masseter in six patients, the temporalis muscle in three 
patients, and the lateral pterygoid in one patient. Lateral 
and/or posterior tenderness of the TMJ was present in 
five patients including the patient with unilateral an- 
terior disc displacement without reduction. 
Two patients demonstrated a large, vertical overbite 
(>4 mm). One patient had a postnormal bite. 
Interferences in retruded contact position were pres- 
ent in all patients and occurred consistently on the same 
side as the disc displacement. Interferences in the in- 
tercuspal position were found in 12 patients, usually 
on the side with anterior disc displacement. 
Eleven patients were examined again after 10 
months. In eight patients, the signs and symptoms from 
their TMJs remained the same. Of the others, one pa- 
tient was symptom-free, one with early clicking dem- 
onstrated late clicking, and one developed anterior disc 
displacement without reduction. 
At the 5-year examination, the eight patients ex- 
amined showed symptoms that had varied over the 
years, but had on the whole persisted. 
Radiology 
None of the patients demonstrated any radiographic 
signs of hard-tissue changes within their TMJs. Double- 
contrast arthrography in one patient confirmed the di- 
agnosis of anterior disc displacement and showed that 
the disc was still biconcave although thickened and 
without perforation (Fig. 1). 
Simultaneous registration of mandibular 
movements and clicking 
Graphs representing mandibular midline move- 
ments in patients with unilateral clicking showed a de- 
viation toward the affected side in association with the 
lsberg, Widmalm, and Ivarsson Am. J. Orthod, 
December 1985 
Fig. 1. Double-contrast arthrograms of a patient with anterior-disc displacement with reduction. A, The 
disc becomes anteriorly displaced during mouth closure. B, Schematic drawing. The disc is marked 
in black. C, The disc position is normalized on opening. D, Schematic drawing. The disc is marked in 
black. 
clicking. After the click, the midline returned to a cen- 
tered position. In patients with bilateral clicking, a de- 
viation took place toward the side where the first click 
occurred. After the second click had occurred on the 
opposite side, the mandibular midline moved to a cen- 
tered position again. 
In the one patient with anterior disc displacement 
without reduction on one side and anterior disc dis- 
placement with reduction on the other side, a deviation 
was seen toward the side without reduction and a cen- 
tered midline position never returned. This same pattern 
occurred during the second registration of another pa- 
tient who developed an anterior disc displacement with- 
out reduction after the first testing. During the first 
registration when reduction was still present, the mid- 
line moved toward a centered position after clicking, 
but not when transient locking and anterior disc dis- 
placement without reduction occurred. 
The patient who was symptom-free at the second 
recording session showed centered midline mandibular 
movements. 
The simultaneous registration of the condylar path 
and clicking showed that the condylar paths were sim- 
ilar to those expected when disc displacement with re- 
duction is present and the condyle slides on and off the 
disc. The difference in the bulge location during open- 
ing and closing excluded the possibility of clicking from 
an uneven articulating surface. 
Simultaneous registration of electrical muscle 
activity and clicking 
In 12 patients muscle activity was registered when 
the condyle was about to slide over the posterior thick 
part of the disc (clicking) during both opening and clos- 
ing (Fig. 2). 
When transient locking occurred, nonfunctional 
EMG activity was seen in the ipsilateral temporalis in 
all cases. Two of these patients with bilateral clicking 
showed EMG activity in both temporalis muscles. Such 
activity was not seen when the same joints moved with- 
out clicking. In one patient with clicking and transient 
locking, activity was seen but only during the sequences 
when the disc was anteriorly displaced (Fig. 3). The 
activity began when the disc became displaced anterior 
to the condyle as indicated by a closing click. The 
activity stopped when normal disc position was restored 
(opening clicking). This EMG pattern was consistent 
during consecutive registrations. 
One patient was first tested when alternating be- 
tween clicking and transient locking, and tested again 
10 months later in a closed-lock condition (Fig. 4, 
A-C).  During clicking (Fig. 4, A), a stretch reflex re- 
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Fig. 2. Clicking from the right TMJ is registered by means of a microphone and visualized as a deflection 
on a paper graph. An artefact signal marks maximum opening. Before the opening click (that is, 
immediately before the condyle passes the posterior ridge of the disc to achieve a normal relationship), 
activity is registered in the temporalis and masseter muscles of the ipsilateral side. Activity is registered 
again before the closing click (that is, immediately before the condyle slides off and behind the disc). 
A TMSP is seen in association with clicking. 
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Fig. 3. Clicking from the left TMJ is registered by means of a microphone and visualized on a paper 
graph. An artefact signal separates opening and closing movements. The/eft arrow indicates clicking 
that arises in association with restoration of the condyle and disc relationship. The dotted line indicates 
when the condyle slides off the disc again (documented cineradiographically). During the sequence 
when the disc/condyle relationship is normal (between arrows), no activity is observed on the affected 
side during opening or closing mandibular movements. However, in the temporal area of the ipsilateral 
side, activity is registered during periods when the disc is displaced. No such activity could be seen 
in the control subjects during corresponding mandibular movements• 
sponse was seen in the contralateral temporalis muscle 
in association with an opening click. EMG activity was 
also noted in association with a closing click. During 
periods of transient locking (Fig. 4, B), no clicking 
was registered as the disc stayed anterior to the condyle 
during the entire opening and closing cycle. The ipsi- 
lateral temporalis muscle then demonstrated activity. 
When the patient's condition had progressed to a closed 
lock with the disc permanently displaced anterior to the 
condyle (Fig. 4, C), the temporalis muscle of the af- 
fected right side demonstrated continuous activity. The 
contralateral temporalis muscle also showed continuous 
activity. 
Continuous activity at rest was observed in the tem- 
poralis muscles in eight of fifteen patients. The activity 
had the character of repeatedly firing single motor units. 
No differences in contraction or resting activity were 
observed between the first and second sessions in the 
10 patients with unchanged symptoms. In the patient 
who was symptom-free at the second registration, ac- 
tivity present at the first session was absent at the second 
registration. 
TMSPs were observed in association with clicking 
in nine of fifteen patients. In six patients unilateral 
clicking was associated with TMSPs in their contralat- 
eral temporalis and/or masseter muscles. Two patients 
demonstrated bilateral clicking and bilateral TMSPs; in 
one patient TMSPs always occurred on the same side 
Am. J. Orthod. 
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Fig. 4. A patient is registered during a period of alternate clicking (A), transient locking (13), and, on 
a later occasion, at an aggravated stage of closed lock (C). The patient performs stow opening and 
closing mandibular movements that could be performed by the control subjects without observable 
EMG activity. A, The microphone registrations of clicking are marked with ar rows.  An artefact signal 
separates opening and closing movements. The left temporal area on the nonclicking side demonstrates 
a stretch reflex in association with opening clicking and a short period of activity in association with 
closing clicking (that is, when the condyle slides off the disc). B, When periods of transient locking 
occur, no clicking is registered as the disc stays displaced anterior to the condyle during the entire 
opening and closing movement. A period of EMG activity is seen in the temporal area on the affected 
side. C, On a later occasion when the patient has developed a condition of anterior-disc displacement 
without reduction (closed lock), the temporal area of the affected side demonstrates continuous activity. 
A goniometer indicates opening and closing--the top of the curve represents opening and the bottom 
indicates closure. 
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as the clicking. TMSPs occurred during opening click- 
ing in six patients and during closing in three. TMSPs 
were observed in only two of the eleven patients at the 
second examination. 
All subjects in the control group could perform slow 
opening-closing movements without observable activ- 
ity in the temporalis or masseter muscles except when 
tooth contact occurred. No activity was seen when the 
mandible was at rest. 
DISCUSSION 
Vitti and Basmajian ~6 showed that slow opening 
and closing movements could be performed with- 
out any notable muscle activity in the temporalis 
muscles. Our results from healthy subjects agreed with 
their findings and showed the same results for the 
masseter muscle. 
Masticatory muscle activity can be provoked by 
TMJ disc displacement according to our study. This 
activity ceased when the disc position was normalized 
on mouth opening, only to occur again each time the 
disc became displaced on mouth closure. When a disc 
has become anteriorly displaced, a prerequisite for nor- 
malization is that the condyle can move downward and 
forward, passing over the posterior thick part of the 
disc. Muscle activity in the elevator muscles opposes 
the downward movement of the condyle pulling against 
the tubercle. During opening the anteriorly displaced 
disc thus acts as a wedge rendering correction of disc 
position more difficult. In joints with reducing disc 
displacement, it is likely that nonfunctional muscle ac- 
tivity of the masseter and temporal muscles during 
opening aggravates the development of a closed-lock 
condition because such activity may prevent the condyle 
from passing over the posterior band of the disc to 
restore normal disc/condyle relationships. 
When the condyle passes the posterior band of the 
disc (clicking), the bony joint components are dis- 
tracted. Muscle activity in association with this con- 
dylar movement is likely to be caused by an arthroki- 
netic reflex similar to the protective response seen in 
other joints. ~7 
TMSPs were observed in 40% of the patients and 
arose when the condyle slid over the posterior thick 
part of the disc causing an opening click. The irregular 
mandibular movement, seen as a bulge in the condylar 
path and a deviation in mandibular midline movement, 
indicated that the muscles in the masseter and temporal 
areas were stretched on the contralateral side when the 
disc became displaced or reduced. The fast upward 
movement of the condyle in association with clicking v'14 
is related to a simultaneous downward fnovement of 
the contralateral condyle. This downward movement 
may be too small to be detected in graphic recordings 
of the condylar path, but sufficient enough to elicit a 
stretch reflex response. 18 The stretch reflex functions in 
the neuromuscular system to control muscle length and 
hence joint position. 19 
The absence of TMSPs during clicking, however, 
does not necessarily indicate the absence of stretching. 
It is known that a firm chin tap fails to evoke a stretch 
reflex in some persons. 22 Sensitivity for the stretch 
reflex is increased, however, in tensed muscles. 2° An 
overall reduction in the tonus of the jaw muscles might 
therefore explain the decrease of TMSPs observed 
during the second session. 
When the disc is anteriorly displaced during mouth 
opening, it prevents the ipsilateral condyle from moving 
freely while the contralateral condyle continues its 
translation. The mandibular midline thus deviates to- 
ward the ipsilateral side. Clicking that occurs during 
opening is a sign that the condyle has passed over the 
posterior thick part of the disc into a normal position 
underneath the disc. 7 The disc is then no longer an 
obstacle for condylar movement and the mandibular 
midline returns to a centered midline position again. 
The movement paUern of the mandibular midline re- 
corded in this study agreed with the results of lsberg- 
Holm. 15 
When the disc becomes anteriorly displaced, the 
joint space often narrows, particularly postero-superi- 
orly? '6 Consequently, the mandible is pushed back- 
ward-upward and occlusal interferences are likely to 
occur, particularly on the ipsilateral side. This explains 
why all patients in this study demonstrated interferences 
in the retruded position on the side where the disc was 
displaced. Twelve patients demonstrated additional in- 
terferences in the intercuspal position. Occlusal inter- 
ferences that occur as a result of disc displacement 
should therefore not be removed until the disc position 
has been normalized. 
Removal of interferences and the use of a thin equil- 
ibration splint was fully successful in eliminating symp- 
toms in only one of the patients reexamined after 10 
months. After a further 5 years, eight reexamined pa- 
tients still suffered from disc displacement. The reason 
so many reexamined patients (ten out of eleven and 
eight out of eight) still had symptoms is in part because 
most patients demonstrated late opening clicking. This 
indicates a more pronounced degree of damage to the 
posterior disc attachment.2'21 The prognosis of treatment 
in these cases is probably guarded. Splint design was 
not deliberately intended to keep the disc in a reduced 
position, but only to help stabilize the occlusion. Con- 
sequently, most patients still demonstrated clicking 
when using the splint. 
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It may be concluded that in cases where muscle 
activity is triggered by a faulty disc position, as long 
as the disc is not prevented from being displaced, symp- 
toms are likely to persist in spite of  the removal of  
occlusal interferences and the use of a splint. 
CONCLUSIONS 
I. Slow opening and closing mandibular move- 
ments without clenching can be performed by healthy 
persons without any noticeable EMG activity in the 
temporalis and masseter muscles. 
2. EMG activity of  the temporalis and masseter 
muscles occurring when the condyle slides over the 
posterior band of the disc can be interpreted as an ar- 
throkinetic reflex caused by distraction. 
3. Continuous muscle activity can be provoked by 
TMJ disc displacement and ceases when the disc po- 
sition is normalized on mouth opening, only to occur 
again each time the disc becomes displaced on mouth 
closure. 
4. Anterior disc displacement without reduction 
(closed lock) may cause spastic activity in the tempo- 
ralis muscle on the affected side. 
5. Spastic activity of  the masseter and temporalis 
muscles, occurring on the same side as a joint with 
anterior disc displacement, hinders or inhibits the con- 
dylar movement necessary to achieve reduction. 
This study was supported by grants from the Swedish 
Medical Research Council project No. 06877 and Ragnar 
S6derberg and Torsten S6derberg Foundations, Stockholm, 
Sweden. 
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